Nitrosomonas europaea oxidizes ammonia to nitrite, thereby deriving energy for growth. Glutamate dehydrogenase (NADP+) (EC 1.4.1.4) is the main route for the incorporation of ammonia into glutamic acid, because glutamate synthase (NADPH) (EC 1.4.1.13) was not detected in cell-free extracts of N. europaea.
Introduction
Glutamine synthetase [L-glutamate: ammonia ligase (ADP forming), EC 6.3.l.2] is a key enzyme of inorganic nitrogen metabolism in many organisms (Tyler 1978) . It has been studied in a variety of bacteria (Brown et al. 1974; Bender et al. 1977; Siedel and Shelton 1979) , algae Nicholas 1978a, 1978b;  Tuli and Thomas 1980) , higher plants (Miflin and Lea 1977) and animals (Tate and Meister 1973) . Radioactive tracer techniques including the use of 13N-Iabelled glutamate have confirmed the importance of glutamine synthetase in the metabolism of ammonia in a number of organisms (Thomas et al. 1977; Meeks et al. 1978) . Biosynthetic method (1) and the y-glutamyltransferase reaction (2) have been used to measure glutamine synthetase in a variety of organisms (Meister 1974;  Stadtman and Ginsburg 1974): Mn2+ L-Glutamate + ATP + NH3 --->L-glutamine + ADP + Pi, (1) Mn2+ ADP L-Glutamine + NHzOH A ' P ' ---> y-glutamylhydroxamate + NH3· (2) rsenate or 1
Glutamine is an important source of nitrogen for the synthesis of a large number of compounds (Stadtman and Ginsburg 1974) . Regulation of glutamine synthetase has been the subject of several papers and reviews (Meister 1974; Shapiro and Stadtman 1970) . Studies with Klebsiella aerogenes and E. coli have shown that the activity of the enzyme is mainly regulated by altering the adenylylation state of the enzyme in response to ammonia Tronicket al. 1973; Bender et al. 1977) . Bacterial glutamine synthetase is subject to regulation by various mechaQisllls (Stadtman and Ginsburg 1974) , e.g. feedback inhibition by products of the branched pathway. The enzyme from different organisms, however, varies in its sensltivityto the metabolites synthesized via the glutamine-dependent pathways (Hubbard and Stadtman 1967; Stadtman and Ginsburg 1974) .
Although glutamine synthetase from bacteria (Hubbard and Stadtman 1967 ), higher plants (O'Neal and Joy 1973) and animal tissues (Tate and Meister 1973) has been extensively studied, no information is available about this enzyme and its possible role in the nitrogen metabolism of the nitrifying bacterium Nitrosomonas europaea. In this paper some of the properties of the purified enzyme from N. europaea are considered, based on its y-glutamyltransferase and biosyntheticactivities, as well as the effects of various amino acids, organic acids and nucleotides in regulating its activity.
Materials and Methods
Cultures of N. europaea were kindly supplied by Dr Jane Meiklejohn, Rothamsted Experimental Station, U.K. Various amino acids, L-glutamine, y-glutamylhydroxamate, ATP, ADP, xanthine oxidase, alcohol dehydrogenase, bovine serum albumin and apoferritin were purchased from Sigma Chemical Co., St Louis, Mo., U.S.A., and hydroxylamine hydrochloride was obtained from Ajax Chemical Ltd, Sydney. All the other chemicals used in these investigations were of analytical' grade .
. Preparation of Cell-free Extracts
Batch cultures of N. europaea were grown and harvested as described previously (Bhandari and Nicholas 1979) . The cells were washed three times with 100 mM Tris-HCI buffer (pH 7,5) and finally suspended in the buffer (8 g wet weight/40 mI). The cells were disrupted by treatment for 20 min with an MSE ultrasonic probe (20 kc/s) with 5-min bursts at I-4°C in an ice-bath. The supernatant fraction left after centrifuging at 12000 g for 20 min (SIZ) was used as the source of enzyme.
Enzyme Assays
Both the y-glutamlytransferase and biosynthetic activities were determined by the methods described by Shapiro and Stadtman (1970) . The reaction mixture for y-glutamlytransferase activity, in a final volume of 1 ml contained (mM):imidazole-HCl buffer (pH 7 ·0),40; glutamine, 30; hydroxylamine hydrochloride (neutralized with 2M NaOH), 30; MnClz.4HzO, 3; sodium arsenate, 20; ADP, 0·4; and an appropriate aliquot of enzyme. Control tubes without L-glutamine and hydroxylamine respectively, were always included. The amount of y-glutamylhydroxamate produced after 30 min at 37°C was determined colorimetrically. For biosynthetic activity, the assay mixture in a final volume of 0·5ml contained (mM): imidazol-HCI buffer (pH 7·0), 50; L-glutamate, 100; ammonium chloride, 50; ATP, 10; MnClz.4HzO, 5 and an appropriate aliquot of enzyme. L-Glutamate was omitted from the control tubes and correction was also made for non-enzymatic production of Pi from ATP. The Pi produced after a 30-min incubation was determined as described by Shapiro and Stadtinan (1970) . Under the conditions of the assay, the activities for both reactions were linear over a 45-min period.
The glutamate dehydrogenase activity was determined spectrophotometrically as described by Hooper et al. (1967) from the rate of oxidation of NADPH at 340 nm following the addition of an aliquot of S12 to a 3 ml reaction mixture containing (mM): o<-ketoglutarate, 20; NH4 CI, 240; NADPH, 0·2; and 50 mM Tris-HCI buffer (pH 7·7). The glutamine-2-oxoglutarate aminotransferase activity was determined from the rate of oxidation of NADPH at 340 nm, following the addition of an aliquot of S12 to a solution containing (mM): o<-ketoglutarate, 5; NADPH, 0·25; glutamine, 5; and 50 mM Tris-HCI (pH 7·7) in a final volume of 3 ml (pH 7·7).
Enzyme Purification
A summary of the purification procedure for the enzyme is presented in Table I . The enzyme was purified 30-fold with a relatively good yield (31 %). The final preparation had a specific activity of 0·058 units/mg protein. One unit of enzyme is defined as 1 !Lmole of y-glutamylhydroxamate produced per minute. The following purification procedures were used for cell-free extracts prepared by ultrasonic disruption of washed cells as described previously. Cell-free extract S12 (fraction 1, Table 1 ) was centrifuged at 160000 g for 90 min and the supernatant fraction S160 (fraction 2) was used for further purification. The pH of fraction 2, adjusted to 5·2 with 1 M acetic acid, was allowed to stand on ice for 30 min and then centrifuged at 40 000 g for 30 min. The pellet was discarded and pH of the supernatant fraction was adjusted to 4·2 with 1 M acetic acid. After standing this preparation on ice for 15 min it was centrifuged at 40 000 g for 30 min and the pellet dissolved in 20 ml 0·1 M Tris-HCI buffer (pH 7·5) (fraction 3, Table 1) .
FraCtion 3 was then loaded on a DEAE-cellulose (DE-32, Whatman Microgranular anion exchanger) column (3 by 12 cm) which had been previously equilibrated with 0·1 M Tris-HCI buffer (pH 7·5). After 1 h the column was washed with 200 ml of 0·1 M Tris-HCI buffer (pH 7·5). The enzyme was then eluted by a linear gradient, 300 ml of 0-0·25 M NaCI on 0·1 M Tris-HCI buffer (pH 7·5). The flow rate was maintained at 30 ml/h. Active fractions (5 ml) were pooled and concentrated in a 50 ml Diaflo unit (Amicon PM-I0 membrane filter) (fraction 4).
The enzyme from fraction 4 was then loaded on to a Sephadex G 1 00 column (1·6 by 86 cm) which had been previously equilibrated with 0·1 M Tris-HCl (pH 7·5) buffer containing 50 mM NaCI. The sample was eluted with the same buffer at a flow rate of 18 ml/h and 5-ml fractions collected. The pooled fractions were stored at 4°C (fraction 5).
The purified enzyme (fraction 5) was desalted by passing 5 ml aliquots through a Sephadex GI0 column (2·5 by 17 cm), which had been previously equilibrated with 0·1 M Tris-HCl (pH 7·5). The enzyme was eluted from the column in the same buffer.
Both the y-glutamyltransferase and biosynthetic reactions were catalyzed by the 3D-fold purified glutamine synthetase preparation (fraction 5). Some of the properties of the purified enzyme were then studied.
Polyacrylamide Gel Electrophoresis
Aliquots of fraction 5, containing 30 and 100 I-'g protein respectively, were loaded on to cylindrical gels in glass tubes (6 by 120 mm). The stacking gel contained 3 % (wjv) polyacrylamide in 20 mM Tris and 15 mM H 3 P04 buffer (pH 5· 5) and the running gel 7 % (wjv) polyacrylamide in 70 mM Tris-HCl buffer (pH 7·5). The electrode buffer was 8 mM Tris and 30 mM barbitone buffer (pH 7·0). Electrophoresis was carried out at 2 rnA per tube at constant current with an initial voltage of 60 V. Gels were stained with Coomassie blue. There was a main band of protein associated with the enzyme as shown in Fig. 1 and in the 100 I-'g protein sample a very faint minor component was barely visible.
When sodium dodecylsulfate at 1 % (wjv) was included in the polyacrylamide gel then the main protein band was dissociated into two distinct subunits. 
Protein Determination
Protein was determined by a biuret method using bovine serum albumin as a standard (Itzhaki and Gill 1964) .
Estimation of Molecular Weight
The molecular weight of the enzyme was estimated on a Biogel AD· 05-m column (1 ·6 by 99 cm) equilibrated with 50 mM Tris-HCl buffer (pH 7·5) according to the method of Andrews (1970) . The column was calibrated with alcohol dehydrogenase (mol wt 150000), bovine serum albumin (67000), xanthine oxidase (275000) and apoferritin (480000) as markers of known molecular weights.
Results
In cell extracts glutamate dehydrogenase had the highest specific activity, whereas glutamine synthetase, which catalyses the synthesis of glutamine from glutamate and ammonia, was present at much lower levels. Moreover, glutamate synthase (NADPH) was not detected.
Requirements for Divalent Cations
The effects of various cations on the y-glutamyItransferase activity at pH 7·0 are given in Table 2 . Maximum activity was recorded when Mn2+ was added atO· 5 mM. The observed order of effectiveness of the different cations was Mn2+ > Cu2+ > Fe2+ > Mg2+ = Co2+. At the same concentrations (0·5 mM) enzyme activity with Mn2+ was about 10 times that with Cu2+ ; however, at saturating concentrations for both metals, namely 0·5 mM Mn2+ and 3 mM Cu2+, the Mn2+ effect was only twice that for Cu2+. For the biosynthetic activity Mn2+ was the most effective cation followed by Mg2+ and Cu2+. At saturating levels of Mn2+ (5 mM), the activity was about twice that of Cu2+ (5 mM). The addition of either Zn2+, Ni2+ or Ca2+ had little effect on enzyme activity, determined by either method. The activity of the y-glutamyItransferase reaction of Mn2+ -dependent glutamine synthetase was sustained for 48 h over the pH range 5-7, but it showed a sharp drop from pH 7·5-9. The pH optimum for the reaction was 7·2.
Substrate Requirements for Enzyme Activity
The y-glutamyltransferase activity had a specific requirement for Mn2+. Little or no activity was recorded when either Mn2+, glutamine, hydroxylamine or arsenate was omitted from the reaction mixture. The purified enzyme was stimulated by about 25 % on adding ADP at 0·4 mM. The biosynthetic activity was dependent on Mnz+, L-glutamate, ammonium chloride as well asATP.
Effects of Concentrations of Substrates
L-Glutamine and hydroxylamine at 20 and 30 mM, respectively, resulted in maximal activity of the Mn2+ -dependent y-glutamyltransferase activity. The Km values for glutamate and hydroxylamine calculated from double-reciprocal plots of the data were 7·2 and 3·5 mM respectively (Figs 2a, 2b) .
L-Glutamate and ammonium chloride both at 50 mM produced marginal activity for the Mn2+ -dependent biosynthetic activity. The Km values for L-glutamate and ammonium chloride were 1·4 and 5·4 mM respectively. When Mn2+ was at 10 mM then enzyme activity was maximal with 6 mM ATP.
Effects of Various Denaturing Treatments on the y-Glutamyltransjerase and Biosynthetic Activities
When the enzyme was preincubated at 37°C for 15 min with urea in the absence of Mn2+, similar effects were recorded for both activities, but the extent of enzyme denaturation by urea was reduced by including Mn2+. Thus a loss of 70 % of the y-glutamyltransferase activity with 50 mM urea was reduced to 40 % when the enzyme was incubated with Mn2+ (3 mM). Similarly, the biosynthetic activity was protected by Mn 2 + (6 mM). Thus at 50 mM urea, denaturation was 37 % with Mn2+ and 61 % without Mn2+.
The data on the thermal stability of the enzyme indicate that, on incubating at 63°C, the enzyme lost half its activity after 35 min. This denaturation was not offset by adding 2-mercaptoethanol to the enzyme during heat treatment.
o 10 20 30 40 on Mn2+-dependent y-glutamyltransferase activity. The assay for y-glutamyltransferase activity was as given in Table 3 , except that the amounts of L-glutamine and hydroxylamine were varied as shown. Fraction 5, Table 1 , was desalted as described in text and aliquots (0·25 mg protein) were assayed. y-GH, y-glutamylhydroxamate.
The effects of various substrates on the thermal stability of the enzyme indicate that either Mn2+ or L-glutamate protected the enzyme, whereas ATP had no significant effect. In similar experiments the y-glutamyltransferase activity was stabilized by L-glutamine and Mn2+. ADPhad no effect, whereas the addition of hydroxylamine accelerated the complete inactivation of the enzyme. The activities of both y-glutamyltransferase and biosynthetic system decreased on incubating the enzyme . . with hydroxylamine.
Molecular Weight
A molecular weight of 440000 was estimated by gel filtration on Biogel-A column (Fig. 3) , with bovine serum albumin, alcohol dehydrogenase, xanthine oxidase and apoferritin as markers.
Effects of Amino Acids
The y-glutamyltransferase activity was markedly inhibited by either alanine, lysine, glutamic acid, aspartic acid or serine and to a lesser extent by glycine, asparagine, arginine and histidine (Table 3 ). The biosynthetic activity was inhibited by alanine, lysine, aspartic acid, serine, glycine and tryptophan. Except for tryptophan and cystine the y-glutamyltransferase activity was inhibited to a greater extent by the amino acids tested. Methionine, phenylalanine, tyrosine and valine each at 10 mM were without effect. The effects of various concentrations of serine, lysine and alanine on y-glutamyltransferase activity were examined. Double reciprocal plots of the fractional inhibition against the concentrations of the inhibitor (Fig. 4a) indicate that serine, lysine and alanine only partially inhibited enzyme activity because the lines intersect on the ordinate at a value which is > 1. A complete inhibition at the saturating concentrations of an inhibitor is indicated when the plot intersects the ordinate at a value of < 1 (Wedler et al. 1976 ). 10-4 X Molecular weight Fig. 3 . Estimation of molecular weight of glutamine synthetase. A O· 5-m column (1 ·6 by 99 cm) of Biogel-A was equilibrated with 50 mM Tris-HCl buffer (pH 7·5). The column was calibrated with the following markers: 1, bovine serum albumin; 2, alcohol dehydrogenase (yeast); 3, xanthine oxidase (buttermilk); 4, apoferritin (horse spleen); GS, glutamine synthetase. The molecular weights of the marker proteins are given in Materials and Methods. Vel Vo is the ratio of elution volume to void volume. Vo was measured using blue dextran as marker.
The combined effects of various amino acids on both the y-glutamyltransferase and biosynthetic activities are shown in Table 4 . The inhibition due to various combinations of amino acids was lower than the total sum of the inhibitions resulting from an individual amino acid. The values for cumulative inhibitions were then calculated by the method of Stadtman and Ginsburg (1974) . For all the pairs studied the observed inhibitions were in good agreement with the values calculated for their cumulative inhibitory effects on y-glutamyltransferase activity (Table 4, upper) as well as biosynthetic activity (Table 4 , lower).
Effects of Various Nucleotides and Combined Effects with Amino Acids
The enzyme was inhibited to a greater extent by di-and triphosphate nucleotides, viz. IDP, CDP, UDP, ITP, CTP, TTP and ATP (except GDP and GTP), each at 10 mM, than by their monophosphates, except AMP.
The effects of AMP and ATP at various concentrations were also studied and the data are presented as double reciprocal plots of the fractional inhibition against the concentration of the AMP and ATP respectively (Fig. 4b) . The results indicate that Table 3 . Inhibition of glutamine synthetase activity by amino acids y-Glutamyltransferase and biosynthetic activities were determined as described in Materials and Methods. The concentration of each amino acid used was 10 mM. Fraction 5 (Table 1) Table 4 . Combined effects of amino acids on y-glutamyltransferase and biosynthetic activities y-Glutamyltransferase and biosynthetic activities were determined as described in Materials and Methods. Each amino acid was at 5 mM. Values for the cumulative inhibition were calculated by the procedure of Stadtman et al. (1968) . Fraction 5, AMP and ATP both partially inhibit the enzyme, since the intercepts were both > 1 on the ordinate (Wedler et al. 1976 ).
Effects of Organic Acids and Combined Effects of Various Metabolites on y-Glutamyltransferase Activity
Pyruvate, oxaloacetate and oxalate each at 10 mM markedly decreased activity except for a-ketoglutarate (13 % inhibition only).
The nature of the inhibition of y-glutamyltransferase activity by various metabolites in the presence of each other was also studied. The results indicate that inhibition by ATP when tested with various amino acids either singly or in multiple combinations was cumulative. 
Discussion
In most bacteria utilizing ammonia as a source of nitrogen, glutamate dehydrogenase, which reductively ami nates a-ketoglutarate to glutamate, is the main pathway for the production of glutamate. Under these conditions it is usual to find that glutamine synthetase has relatively low activity (Woolfolk et al. 1966) . This is confirmed in the work reported herein because in cell-free extracts the activity of glutamate dehydrogenase was higher than that of glutamine synthetase. Moreover, glutamine synthase (NADPH) was not detected, indicating that glutamine synthetase pathway is not an important route in N. europaea. It is likely that the main function of glutamine synthetase in this bacterium is to synthesize glutamine, which is required for the biosynthesis of a variety of compounds, e.g. amino acids, purine and pryimidine nucleotides, glucosamine 6-phosphate and NAD (Stadtman and Ginsburg 1974) .
The properties of glutamine synthetase from N. europaea reported herein resemble those of the enzyme from other organisms, viz. requirement for divalent cations, pH optimum. The maximum y-glutamyltransferase and biosynthetic activities were obtained with Mn z +. It has been shown that when substrates are at saturation concentrations the biosynthetic activity of the fully adenylylated enzyme from E. coli is almost completely dependent upon Mn2+ for its activity (Shapiro and Stadtman 1970) . In E. coli and Rhodopseudomonas capsulata (Johansson and Gest 1977) adenylylation of glutamine synthetase results in a change in metal specificity from Mg2+ to Mn2+ for the biosynthetic activity.
A requirement for Mn2+ and arsenate indicates that the enzyme from N. europaea is catalysed by y-glutamyltransferase-type reaction rather than by either aminohydrolase (Hubbard and Stadtrrian 1967) or glutaminase (Meister 1974) . A synthesis of y-glutamylhydroxamate in the absence of ADP was observed with Mn2+ in agreement with the results reported for the enzyme in Anabaena cylindrica (Sawhney and Nicholas 1978a) .
In the present work it is shown that the Mn2+ protects the enzyme from inactivation by urea, hydroxylamine· or high temperature. Because the y-glutamyltransferase activity of the enzyme from N. europaea was protected by L-glutamine against thermal denaturation, this substrate interacts with the enzyme even in the absence of metal ions and nucleotides. These findings support the proposed random model (Wedler 1974) for the E. coli enzyme rather than sequential order of binding of the substrate in the enzyme from sheep brain (Pamiljans et al. 1962) . On the other hand, the failure of either ammonia or hydroxylamine to provide such protection is due either to their inability to bind to the enzyme in the absence of other substrates (Rhee et al. 1976) or simply to the non-conversion of the enzyme into a more stable form.
Kinetic studies show a marked difference in Km value for ammonium chloride for the biosynthetic reaction of the N. europaea enzyme (5·4 mM) compared with the value of 0 ·18 mM for the enzyme from sheep brain (Rowe et al. 1970) and of 0·70 mM for the enzyme from Anabaena cylindrica (Sawhney and Nicholas 1978a) .
The effects by the substrates of the biosynthetic reaction (glutamate and ammonia) on transferase activity with glutamine are competitive, whereas with hydroxylamine they are non-competitive. These results support the postulated model that glutamine interacts with the enzyme, so that its NH2 group occupies the ammonia binding site while the 'oxygen-binding' site to which glutamate is normally bound, is required for the attachment of the corresponding oxygen group of glutamine (Gass and Meister 1970) . Furthermore, our results indicate that the interaction of glutamine with ammonia binding site would preclude the binding of hydroxylamine at this locus. The absence of competitive reaction between ammonia and hydroxylamine indicates that ammonia is unable to protect the enzyme against inactivation by hydroxylamine. The results of the comparative studies on y-glutamyltransferase and biosynthetic activities presented in this paper provide evidence that they are associated with the same enzyme.
An estimated molecular weight of c. 440 000 for glutamine synthetase from N. europaea is comparable with the value of 352 000 for the rat liver enzyme (Tate and Meister 1971) , but lower than 500000 for a pure preparation from sheep brain (Rowe et af. 1970) and 592000 for E. coli Stadtman 1967, 1970) .
In the present investigation we show that, as for glutamine synthetase from other sources, the enzyme from N. europaea is also sensitive to various feedback inhibitors, viz. amino acids, nucleotides and organic acids. Thus, the enzyme was markedly inihibited by alanine, lysine, aspartic acid, serine and glycine. The inhibition of the enzyme by alanine and glycine reported herein is in accord with the data for the enzyme prepared from bacteria (Hubbard and Stadtman 1967; Wedler 1974) ; plants (Haystead 1973; McParland et al. 1976) ; animals (Tate and Meister 1971) and algae (Rowell et al. 1977; Sawhney and Nicholas 1978b) . The inhibition by glycine and alanine is, however, cumulative, as with the preparations from E. coli (Woolfolk et al. 1966) and Anabaena cylindrica (Sawhney and Nicholas 1978b) , which contrasts with non-cumulative effects for the rat liver enzyme (Tate and Meister 1971) . The non-adenylylated enzyme from E. coli and Bacillus subtilis Woolfolk and Stadtman 1967; Deuel and Stadtman 1970 ) is much more sensitive to inhibition by glycine and alanine than is the adenylylated form. In E. coli, alanine and glycine are derived from transamination reactions involving pyruvate and glyoxylate respectively (Stadtman and GinsDurg 1970; Meister 1974) .
The inhibition of N. europaea glutamine synthetase by lysine contrasts with results for this enzyme from A. cylindrica (Sawhney and Nicholas 1978b) and from E. coli (Woolfolk et al. 1966 ) but its inhibition by aspartate, whilst comparable with the results for this enzyme from A. cylindrica (Sawhney and Nicholas 1978b) , contrasts with those for the enzyme from E. coli (Woolfolk et al. 1966) .
At higher concentrations (1 mM) alanine, lysine and serine resulted in a partial inhibition of the enzyme from N. europaea. When the mixtures of the various metabolites (amino acids and nucleotides) were added at saturating concentrations, their effects were cumulative, indicating that each modifier is completely independent in its action. There are separate binding sites on the enzyme for each of the feedback inhibitors (Stadtman and Ginsburg 1974) .
The y-glutamyltransferase activity was inhibited by the following nucleotides: ATP, IDP, ITP, CDP, CTP, TTP and UDP. In E. coli (Woolfolk et al. 1966) , Bacillus subtilis (Deuel and Stadtman 1970) , B. stearothermophilus (Hachimori et al. 1974; Wedler et al. 1976 ) and soybean root nodules (McParland et at. 1976) only CTP inhibited the enzyme but in Bacillus subtilis (Deuel and Stadtman 1970) , Bacillus stearothermophilus (Wedler et al. 1976 ), E. coli (Woolfolk et al. 1966) , AMP also restricted enzyme activity. Although GDP and GTP did not inhibit the N. europaea enzyme, they did so in enzymes prepared from Bacillus stearothermophilus (Wedler 1974; Wedler et at. 1976) and rice plant roots (Kanamori and Matsumoto 1972) . IDP inhibited the enzyme from Nitrosomonas as in roots of rice plants (Kanamori and Matsumoto 1972) .
N. europaea utilizes ammonia directly by oxidizing ammonia to nitrite, thereby deriving energy for growth, and by assimilating it primarily via glutamate dehydrogenase to produce glutamate (Hooper et al. 1967) . The main function of glutamine synthetase therefore is to produce glutamine, which is required for the biosynthesis of various important metabolites, e.g. AMP, CTP, tryptophan, histidine, glucosamine 6-phosphate and carbamyl phosphate in E. coli (Stadtman and Ginsburg 1974) . Thus, as shown in these studies, glutamine synthetase from N. europaea is regulated by a number of amino acids, produced by transamination reactions, as well as by nucleotides and organic acids.
